Introduction
Ploidy level is one of the main criteria discriminating among closely related Central European fescues, frequently representing difficult polyploid complexes. Recent karyological surveys demonstrated the importance of large-scale karyological sampling for understanding speciation and systematics of this genus (Huon 1970; Auquier & Kerguélen 1978; Tracey 1980; . A large-scale sampling makes possible to detect rare polyploids and hybrids, and helps to improve the knowledge of the distribution of difficult polyploid taxa Trávníček et al. 2004; Mahelka et al. 2005; ). An increase in number of investigated plants became possible by flow cytometry, recently becoming one of the fastest and most frequently used methods for DNA ploidy level and DNA content determinations in plants (Doležel 1991; Doležel & Bartoš 2005) . Recent studies have shown that flow cytometry is useful also for the determination of DNA ploidy level in herbarium specimens and seeds (Suda 2004; Šmarda & Stančík 2006; Šmarda 2006; Suda & Trávníček, 2006) . This paper is a continuation of an earlier study (Šmarda et al. 2005 ) and includes further DNA ploidy level estimations made since 2001 within taxonomic study of various Central and southern European fescues. Special attention is paid to the F. valesiaca and F. pallens groups, and to the F. airoides-F. supina complex. The following taxa were included:
Material and methods
Flow cytometry was used for the determination of DNA ploidy level. Young, basal parts of leaves were used for analysis of both fresh and up to 12-year-old herbarium specimens. Measurements were done on a PA-I ploidy analyser (Partec) at the Institute of Botany and Zoology, Masaryk University in Brno. A two-step procedure (Otto 1990 ) was used for sample preparation. Leaf tissue of ca 0.5 cm 2 was chopped using a sharp razor blade in a glass Petri dish containing 0.5 mL Otto I buffer (0.1M citric acid, 0.5% Tween 20). The crude nuclei suspension was filtered through a 50 µm nylon mesh. 1 mL of Otto II buffer (0.4M Na2HPO4 · 12H2O) supplemented with 2 µg/mL 4,6-diamidino-2-phenylindole (DAPI) was then added to the nuclei suspension. The following fresh plants with known chromosome numbers were used as external standards to derive DNA ploidy levels of samples : Festuca pallens (plants F2 and F1229; 2n = 14) for the F. pallens, F. ovina, F. halleri, and F. violacea groups, and ungrouped taxa; F. rupicola (plant F4; 2n = 42) for the F. valesiaca group; F. alpestris (plant F1122; 2n = 14) and F. versicolor (plant F152; 2n = 14) for Festuca sect. Eskia; F. amethystina (plant F111; 2n = 28) for the F. amethystina group and F. sect. Dimorphae.
Altogether 193 living plants and 208 herbarium specimens of 44 taxa (including 4 spontaneous hybrids) sampled in 237 sites were studied. Living plants from the author's collections were cultivated at the Institute of Botany and Zoology in Brno-Veveří, in the experimental garden of the Faculty of Education in Brno-Bohunice, and in a private garden in Moravské Budějovice (all Czech Republic). Additional living plants were obtained from the collections of J. Müller, cultivated in Jena and Göttingen (Germany) , and from J. Ripka (Slovakia) . Herbarium vouchers of all samples studied are deposited at the Herbarium of Masaryk University in Brno (BRNU), with the exception of 10 herbarium specimens borrowed from the Herbarium of the Institute of Botany, Slovak Academy of Sciences in Bratislava (SAV). The list of localities of samples studied and DNA ploidy levels observed is given in the Appendix. The measurements of morphological character discussed followed Šmarda et al. (2007) . Geographical coordinates were recorded in the field (Garmin-Etrex GPS instrument; accuracy of tenths of a second), calculated from 1:50 000 maps (Austria, Slovakia), or obtained using the programs Geobáze (GeodézieČS, 1997 (GeodézieČS, -1998 Czech Republic) and Encarta World Atlas 99 (Microsoft Corporation, 1995 -1998 ; other countries).
Results and discussion

Festuca valesiaca group
The tetraploid level was recorded in several samples of F. pseudodalmatica from Austria, the Czech Republic, Hungary and Slovakia ( Fig. 1) , including the population from the type locality in the Kováčovské kopce Hills (Krajina 1930) . It corroborates the results of earlier karyological and cytometrical studies (Činčura 1967; Tveretinova 1977; Tracey 1980; . Festuca pseudodalmatica is morphologically very similar to the diploid F. valesiaca, and both taxa differ only in quantitative morphological characters, correlated with ploidy level. Thus, for reliable identification, measurements of population samples are often necessary (Šmarda, in prep.) . For this reason, the distribution of F. pseudodalmatica in Central Europe is still poorly known. Although it is traditionally reported to grow on volcanic rocks such as andesite, trachyte, and porphyrite (Májovský 1955; Soó 1973) , its ecological amplitude is wider and includes also limestone (Májovský 1955; Beldie 1972) , gypsum (Pawlus 1985) , and solonchak soils (Tveretinova 1977) . The occurrence of F. pseudodalmatica on siliceous bedrock in eastern Austria (Melzer 1957; Tracey 1978 Tracey , 1980 Koó 1994 ) was questioned by Pils (1984) , but it was later confirmed with karyological methods (Englmaier 2005; . As for F. valesiaca s.l. in southwestern Moravia, the situation is similar, as both diploid and tetraploid populations were documented there ( Fig. 1) . A preliminary morphological analysis Fig. 1 . Localities of investigated plants of the F. valesiaca group: grey circles -F. valesiaca (2n ≈ 2x); dark circles -F. pseudodalmatica (2n ≈ 4x); white/dark circles -F. rupicola × F. vaginata (F. ×interjecta, 2n ≈ 3x, 4x); checked circles -F. dalmatica (2n ≈ 4x); grey squares -F. pseudovina (2n ≈ 2x); dark squares -F. rupicola (2n ≈ 6x); checked squares -F. carnuntina (2n ≈ 6x); grey triangles -
of some populations from Moravia, Slovakia, Hungary, and Austria has shown that the Moravian tetraploid populations can be clearly assigned to F. pseudodalmatica (over 140 samples of F. pseudodalmatica, including those from the type locality, F. valesiaca, and F. rupicola; Šmarda, in prep.), which is the first record of F. pseudodalmatica from the Czech Republic.
Like the earlier literature records (cf. Šmarda et al. 2005 and references therein), all investigated individuals of F. valesiaca from the Czech Republic, Poland, Slovakia, and Hungary, and those of F. pseudovina from the Czech Republic and Hungary were diploid (Fig. 1) .
The record of hexaploids in the population of F. brevipila from the type locality in Amaliendorf (Austria) corresponds to the results by Tracey (1980) . Further hexaploid plants of this species were also documented from Poland, the Czech Republic, Slovakia, and Hungary (Fig. 1) . Though being common in the neighbouring countries, F. brevipila was neglected for long in Slovakia (cf. Dostál 1989; Marhold & Hindák 1998) and has been recognised there only recently (Šmarda et al. 2005) . Another three records of this species from rocky sites in the Vtáčnik Mts, Kremnické vrchy Hills, and from the sands of the Záhorie lowland are reported here (Fig. 1) . For the flora of Hungary, F. brevipila is reported here for the first time. This species might have been overlooked there and misidentified (i) as F. stricta Host, which is a name used ambiguously in numerous European floras for plants with an interrupted sclerenchyma ring or (ii) as F. wagneri, a morphologically similar tetraploid species from sandy habitats in Pannonia.
All investigated individuals of F. rupicola were hexaploids, and those of F. wagneri tetraploids (Fig. 1) , as known from the earlier chromosome counts (cf. Šmarda et al. 2005 and references therein). Both species are morphologically similar and also share some habitat preferences. Festuca rupicola occurs from Central Europe eastwards to southern Siberia, growing in many types of dry grasslands on rocks or sands, while F. wagneri is known only from sandy habitats in the Pannonian lowland where it can grow together with F. rupicola. The intricate taxonomy of both species in this region was discussed by Horánszky et al. (1972) . The morphological delimitation of F. wagneri and F. rupicola in Hungary was studied by Penksza & Engloner (2000) ; however, a study within a wider geographical scope and including F. rupicola samples from rocky habitats and other related taxa, is still lacking. Penksza & Engloner (2000) suggest that the presence of macrohairs on tiller leaves is a reliable differential character of F. wagneri. However, macrohairs may be missing in some tetraploid plants of F. wagneri (samples F329 versus F330) , and in contrast they may occur in some (hexaploid) populations of F. rupicola, especially in those from sandy habitats. In my opinion, only the combination of well developed macrohairs on tiller leaves and an interrupted sclerenchyma consisting of separate strands to irregular sclerenchyma ring, both observed within the population context, is necessary for a reliable identification of F. wagneri. For instance, in sandy habitats, such as in the Tarbucka Nature Reserve (eastern Slovakia), both taxa can co-occur. A hexaploid plant found there could clearly be assigned to F. rupicola, based on the DNA ploidy level, three-banded sclerenchyma pattern, and dense, long yellowish hairs on lemmas, even though tiller leaves had well developed macrohairs. The tetraploid plant represented F. wagneri and differed from the former in that it lacked long hairs on its lemmas, and had sclerenchyma (in the leaf cross section) P. Šmarda Fig. 2 . Localities of investigated plants of the F. pallens and F. ovina groups (excl. F. pallens agg.): grey circles -F. filiformis (2n ≈ 2x); dark circles -F. lemanii (2n ≈ 6x); grey/dark circles -F. glauca (2n ≈ 6x); grey squares -F. ovina subsp. ovina (2n ≈ 2x); dark squares -F. ovina subsp. guestfalica (2n ≈ 4x); grey triangles -
consisting of three thick strands with some additional ones on the leaf sides. Macrohairs were present; however, they were sparser than in the former. Although Dostál (1989) assumed that F. wagneri grows in the sandy habitats of southern Slovakia, only hexaploids of F. rupicola has been hitherto documented in several localities of this region (Šmarda & Řehořek, unpubl. data) . The find of F. wagneri in the Tarbucka Reserve is therefore the first karyologically confirmed record of this species in Slovakia (for comments on F. ×javorkae, treated sometimes as F. wagneri, see below). The plants of F. rupicola with tiller leaves bearing macrohairs seem to occur mainly in sandy habitats of the Pannonian lowland, and further taxonomic study of these populations is necessary.
All specimens of F. saxatilis, sometimes treated as subspecies of F. rupicola (Beldie 1972) , investigated in this study were hexaploid. The same ploidy level was also documented by Tveretinova (1977) , Krahulec (1987) , and Kožuharov & Petrova (1991) .
The hexaploid level found in F. carnuntina from its type locality in the Hainburger Berge Hills is in accordance with the counts reported from there by Tracey (1980) and Šmarda et al. (2005) . Although F. carnuntina is treated as separate species in Flora Europaea (Markgraf-Dannenberg 1980) , Englmaier (1994 Englmaier ( , 2005 considers this morphotype only as a local xeromorphic modification of F. rupicola, deserving probably no formal taxonomic treatment. The record of tetraploid level in F. dalmatica in the Villany hegy Hill (Hungary) corroborates an earlier chromosome count published from this locality by Simon (1964) .
The plants of F. stricta subsp. bauzanina and F. laevigata from northern Italy were octoploid (Fig. 1) .
These results are in accordance with the previous counts made in plants from different localities in the Alps by Pils (1979 Pils ( , 1984 and Arndt (2005) .
Festuca ovina group
Festuca filiformis is a species of Atlantic distribution, and the diploid populations in Italy and Slovakia sampled for this study are situated near the southern and eastern distribution limits of this species (Fig. 2) . The fact that this species is diploid was documented in several studies (see Šmarda & Kočí 2003 and references therein) . Dostál (1989) assumed that F. filiformis is only adventive in Slovakia and reported it as expanding to exploited peat-bogs. However, two cytometrically confirmed records in this paper and another one from the Tríbeč Hills (J. Roleček, BRNU) are from natural grasslands and indicate that this species may rather have been overlooked in Slovakia. Further records of this species can be expected in submontane and montane dry grasslands on acidic bedrock, especially in western Slovakia. In the locality Kremnický Štós, F. filiformis was found together with another two frequently overlooked species, F. brevipila and F. nigrescens, which often occur together with F. filiformis in acidic grasslands of the Hercynian region.
Two DNA ploidy levels were found in F. ovina. The diploids reported from the Czech Republic correspond to F. ovina subsp. ovina, the tetraploids to F. ovina subsp. guestfalica (cf. . The records of F. ovina subsp. guestfalica from Slovakia are the easternmost karyologically proved records of this taxon. The estimations of hexaploid level in three living plants of F. lemanii from Germany confirm measure- Fig. 3 . Localities of investigated plants and the localities of previously published karyological records for the F. airoides-F. supina complex: grey circles -2n ≈ 2x (F. airoides); dark triangles -2n ≈ 4x (F. supina; incl. data for the tetraploid F. vivipara from the Alps; Pils 1985); dark diamonds -mixed populations of tetraploid and pentaploid plants, 2n ≈ 4x or 5x (F. supina).
ments in herbarium specimens from the same localities (Šmarda et al. 2005) .
The tetraploid level measured in F. eggleri from the type locality agrees with the results of Tracey (1980; as F. eggleri "Pernegg-Sippe"), who reported a frequent occurrence of transitional plants in the contact zone between F. eggleri and F. csikhegyensis (as F. pallens) in this locality. One of these morphological intermediates was measured and turned out to be tetraploid. The diploids of F. eggleri (Tracey, 1980; as F. eggleri "2x Sippe") were observed in another site, situated close to that reported by Pils (1980) .
Polyploid complex Festuca airoides and F. supina
This complex includes the occasionally viviparous plants of the F. ovina group, typical of subalpine and alpine grasslands and distributed from the Massif Central in France throughout the Alps, the Sudeten Mts, and the Carpathians to Bulgaria (Fig. 3) . Two DNA ploidy levels are reported here from Romania: the diploids (2n ≈ 2x) found only in the Cehlau Mts and Gutii Mts (Eastern Carpathians), and the tetraploids (2n ≈ 4x), widely distributed in the Parâng, Fȃgȃraş and Sebeş Mts (Southern Carpathians; Fig. 3 ). The diploids of this complex are known also from the Massif Central (Kerguélen 1975) , the Alps (Pils 1980 (Pils , 1985 , the Eastern and Southern Carpathians (Tveretinova 1977; Pashuk 1987; Stefanik et al. 1989; Ehrenbergerová 2001) , and from Bulgaria (Kožuharov & Petrova 1991; Fig. 3 ). In the Sudeten Mts and Western Carpathians, only tetraploids were recorded (Piotrowicz 1950 (Piotrowicz , 1954 Hadač & Hašková 1956; Uhríková et al. 1983; Mizianty & Pawlus 1984; Májovský & Uhríková 1985; Měsíček & Jarolímová 1992) , in the Vysoké Tatry Mts growing together with some pentaploids (Piotrowicz 1950 (Piotrowicz , 1954 Murín & Paclová 1979; Fig. 3) .
The taxonomy of this complex has not been sufficiently known yet, and the only comparative morphological study, including populations from the Alps, was done by Pils (1985) . He assigned the diploids to F. supina Schur, and the tetraploids, including tetraploid populations from the Czech Republic, Poland, and Slovakia, to F. vivipara (L.) Sm. This treatment was accepted, for instance, in the new field flora of Austria (Englmaier 1994 (Englmaier , 2005 . Other recent floras and checklists (Dostál 1989; Marhold & Hindák 1998; Ehrenbergerová 2001; Grulich et al. 2002) and also this study follow the opinions of Patzke (1966) , Markgraf-Dannenberg (1980) , and Pignatti & Markgraf-Dannenberg (1982) , who considered F. vivipara not to occur in the Alps, and assigned the plants of this complex either to F. supina or to F. airoides, based on their ploidy level (Kerguélen 1983 ). Festuca airoides was described from the Massif Central and found to be diploid there (2n = 14; Kerguélen 1975 ). The name F. supina, published later, is used for the tetraploid and pentaploid plants in the Western Carpathians and the Sudeten Mts (Dostál 1989; Marhold & Hindák 1998; Ehrenbergerová 2001; Grulich et al. 2002) . However, the status of this taxon remains still ambiguous as (i) no lectotype has been selected yet (Ehrenbergerová 2001), and (ii) both diploid and tetraploid populations are found in the Romanian Carpathians (see references above), from where the species was originally described by Schur (1866) . In modern European floras (Markgraf-Dannenberg 1980; Conert 1998) , all plants of this complex are therefore usually included under the oldest name F. airoides Lam.
Festuca pallens group
In Central Europe, the group consists of six or seven taxa growing in relict rocky habitats and on windblown sand dunes. Within Festuca pallens s.l., the most intensively karyologically investigated part of this group, two ploidy levels are usually reported . Morphological differences between the diploid and the tetraploid populations supported its division into two species: the diploid F. pallens and the P. Šmarda 
). The dashed line shows the distribution range of F. pallens agg.
tetraploid F. csikhegyensis (Šmarda et al. 2007) . The DNA ploidy level estimates reported here improve the knowledge of the distribution of both species. Based on earlier chromosome counts and ploidy level estimates and references therein; Šmarda et al. 2007; Šmarda 2006; Šmarda & Bureš 2006) , a revised distribution map of both taxa is provided (Fig. 4) . The wide distribution of F. csikhegyensis (syn. F. glaucina Stohr) in northwestern Germany is of particular interest. Two DNA ploidy level estimates in F. duvalii (tetraploid) and F. psammophila subsp. dominii (diploid), both studied in detail by Šmarda et al. (2005) and Šmarda et al. (2007) , are also reported here. The record of diploids in the populations of F. polesica from Estonia corroborates earlier counts and measurements from Germany, Denmark, Poland, Ukraine, and Romania (Böcher 1947; Tveretinova 1977; Mizianty & Pawlus 1984; Šmarda 2006; Šmarda et al. 2007 ). The only tetraploid chromosome count by Lewitsky & Kuzmina (1927, as F. ovina subsp. beckeri), assigned to F. polesica by Alexeev et al. (1988) , has to be reconsidered.
Among the Mediterranean relatives of this group, only diploids were found in nine populations of F. inops from Italy (Fig. 2) ; the same ploidy level was documented from Italy by Bechi & Miceli (1995) and Foggi et al. (2006) . Festuca inops was formerly considered endemic to central Italy (Pignatti & MarkgrafDannenberg 1982) ; however, the recent taxonomic study by Foggi et al. (2006) demonstrated its conspecificity with F. gracilior, another diploid taxon known from northeastern Spain, southern France, and Italy (Markgraf-Dannenberg 1980; Ortúñez Rubio & Fuente Garcia 1995; Portal 1999) . All investigated plants of F. glauca from the eastern Pyrenees were hexaploid, which is in accordance with the results of Auquier & Kerguélen (1978) .
Ungrouped taxa of Festuca sect. Aulaxyper
Three samples of F. bucegiensis from the Parâng Mts and the Fȃgȃraş Mts turned out to be diploid (Fig. 5) . The DNA ploidy level for this species, an endemic of acidophilous alpine grasslands in the highest parts of the Southern Carpathians (Markgraf-Dannenberg 1978 , is reported here for the first time. The diploid level found in F. pirinica, a stenoendemic of the Pirin Mts in Bulgaria, corresponds to the earlier chromosome counts of Kožuharov & Petrova (1991) and Strid & Andersson (1985) . The tetraploid level found in F. heterophylla is in accordance with the karyological data by Brandberg (1948) , Auquier & Rameloo (1973) , Uhríková (1974) , Kerguélen (1975) , Franzen (1981), and Nikolov (1991) .
Festuca amethystina group
The locality of the diploid F. norica in northern Italy reported here (Fig. 5) is situated on the southern distribution limit of this species (cf. Foggi et al. 1999) . It corresponds to the assumed distribution of the diploid cytotype documented from the Central Alps by Pils (1980) . The representatives of the similar F. tatrae from Slovakia were also diploid, which agrees with the counts published by Brandberg (1948) , Bielecki (1957) , and Uhríková (1970b). The tetraploid level previously reported in F. amethystina by Wittman & Strobl (1984) and Šmarda et al. (2005) was confirmed in one specimen of the nominate subspecies collected in Austria (Fig. 5 ).
Festuca halleri group
Several samples of F. alpina s.l. from the Apuan Alps (Northern Apennines, Fig. 5 ) were found to be diploid, which agree with the parallel chromosome counts by Foggi (pers. comm.) . The taxonomic identity of the populations studied remains unclear. They were formerly referred to as F. vizzavonae Ronn. (Markgraf- (Foggi & Signorini 1997) , based on the populations of alpine fescues from Corse, is also controversial, as F. alfrediana is reported to be tetraploid (Portal 1999) . Since the relationships of the tetraploid F. alfrediana, the diploid populations from Italy, and the diploid populations of F. alpina s. str., known from the Alps and the Western Carpathians (Pils 1982; , remain unclear, the provisional name F. alpina s.l. (Foggi, pers comm.) is accepted here.
Festuca violacea group
The diploid level found inF. violacea subsp. puccinellii from the Apuan Alps agrees with the the diploid chromosome numbers reported in plants from this region by Foggi et al. (1999) .
Festuca sect. Eskia
The investigated plants from the locus classicus of F. versicolor in the Krkonoše Mts and F. versicolor subsp. pallidula, an endemic of the Austrian Eastern Alps, were diploid (Fig. 5) . The diploid level found in the nominate subspecies is in accordance with earlier karyological reports from the western Carpathians (Uhríková 1970a; Mizianty & Frey 1973; Murín & Májovský 1978 . The DNA ploidy level of F. versicolor subsp. pallidula is reported here for the first time. The investigated specimens of F. bosniaca and F. xanthina, both endemic to the Balkan Peninsula, were also diploid (Fig. 5) . The DNA ploidy level of F. bosniaca (excl. F. pirinensis (Acht.) Acht.) is reported here for the first time. The estimates in F. xanthina are in accordance with the counts reported by Starlinger et al. (1994) and measurements made by Šmarda (2006) .
The tetraploid level was proved in the plants of F. quadriflora from the Central Alps in Switzerland (Fig. 5) . In the Alps, F. quadriflora seems to include two closely related types with different ploidy levels (Kerguélen & Plonka 1989) . The tetraploids are assumed to occur inside the Alp mountain range, and the diploids in its foreland (Kerguélen & Plonka 1989) . The results presented here support this assumption.
Festuca sect. Amphigenes The tetraploid level found in the plants of F. laxa from the type locality in the southeastern Alps (Fig. 5 ) is in accordance with the results of Gervais (1965) and Löve & Löve (1974) . The hexaploid chromosome count in F. laxa reported for Swiss plants (Hill 1965 ) is doubtful as this species is not known to occur in Switzerland (cf. Hess et al. 1967) .
Flow cytometry and herbarium specimens
The first application of flow cytometry for the measurements of dessicated plant tissues dates back to 2000, when it was succesfully used for the estimation of ploidy level of 1/2 to 2-year-old herbarium specimens of Festuca (Šmarda et al. 2005) . Later, the use of this technique was tested also in other genera, under different storage conditions, and in herbarium specimens of different age (Suda 2004; Suda & Trávníček 2006) . To this date, it was possible to measure up to 6-year-old specimens in Vaccinium (Suda 2004 ) and up to 5-1 / 2 -yearold specimens in South American fescues (Šmarda & Stančík 2006) . In this paper, up to 12 years-old herbarium specimen of F. pallens is documented to be suitable for the determination of DNA ploidy level by flow cy-P. Šmarda tometry. The DNA signal of such old specimens is usually weak and degraded, and the DNA content seemed to be smaller compared to measurements in fresh living samples (Šmarda & Stančík 2006; Suda & Trávníček 2006; Šmarda 2006) . This limits the use of flow cytometry in herbarium specimens for reliable DNA content measurements, and restricts the application of flow cytometry here only to the determination of DNA ploidy level.
Mixed ploidy populations and hybrids Several mixed ploidy populations reported previously by and Šmarda et al. (2005) were here reinvestigated, and some others were found during search for morphologicaly deviating plants within some populations (Figs 1, 4) . Within Festuca populations, the rare occurrence of morphologically distinct individuals of different ploidy levels is assumed to be most probably related with hybridisation. Records of rather large sub-populations of plants with different ploidy levels are referred here to as a sympatric occurrence of two different taxa.
In Chvalatice and Tulešice (southwestern Moravia; Fig. 4 ), tetraploid plants were rarely found in large population of the diploid F. pallens in the contact zone with the tetraploid F. ovina subsp. guestfalica. The general appearance of these plants resembled much that of F. pallens (thick leaves, large spikelets and lemmas), but they resembled F. ovina in the slightly scabrid leaves and the panicles erect before the anthesis (the diploid F. pallens of these populations had completely smooth leaves and panicles nodding before the anthesis). Because of the intermediary characters and because of their rarity in the populations, they are assumed to be hybrids (F. ×duernsteinensis).
A similar situation was reported from Zruč nad Sázavou and Moravský Krumlov as F. pallens "scabrifolia type"; Šmarda et al. (2005) as F. pallens "Pannonisches-Hügelland type"]. The two tetraploid F. pallens plants from Zruč nad Sázavou, found in the otherwise diploid population, became similar to a robust F. ovina during cultivation, so both were reclassified as F. ×duernsteinensis.
The cultivation of tetraploid plants from Třebíč-Hrádek previously referred to as F. ×duernsteinensis , made necessary their reclassification: they had to be assigned to F. pseudodalmatica, a species not previously known from the Czech Republic (see above). Sclerenchyma on the cross sections of tiller leaves in F. pseudodalmatica consist usually of two thick bands along both leaf margins and one opposite to the central vein, frequently with additional lateral slender strand on abaxial leaf sides. Sometimes the additional lateral strands are well developed and may fuse with the main strands, forming an irregular sclerenchyma ring. The latter sclerenchyma pattern is quite common in plants from the Třebíč-Hrádek population, and such plants may easily be confused with the taxa of the F. ovina or F. pallens groups.
Unlike in the two localities described above, the tetraploids of F. pallens s.l. in the Pod Floriánem Nature Reserve near Moravský Krumlov are not scatered in the population of diploids but they form a small colony on the plateau above the river canyon. Only in the closest surrounding, the tetraploids penetrate into the population of diploids, which dominate the rocky steppes on the slopes of the river valley (cf. Šmarda & Bureš 2006) . The habitat of the tetraploids is a partly ruderalised mown dry grassland, and another two species, the tetraploid F. ovina subsp. guestfalica and the tetraploid F. pseudodalmatica, are frequent there . The morhological similarity to F. csikhegyensis makes possible to assign the local tetraploid population from this site to that species. Near the village of Plaveč (soutwestern Moravia), the triploids of F. pallens were reported to grow by Šmarda et al. (2005) . Festuca pallens survived there as a very small population of several dozens of diploid and triploid plants on a small rock overgrown by Robinia pseudacacia. Like in Moravský Krumlov, the tetraploid F. pseudodalmatica and the tetraploid F. ovina subsp. guestfalica occur in the close vicinity. However, the triploids have the same general appearance as the diploids do, so there is no morphological evidence for their hybrid origin.
Near the village of Větrušice (Central Bohemia, Vltava River valley), the diploids and the tetraploids of F. pallens s.l. were found growing side by side. A carefull inspection revealed the existence of a large diploid population within the area occupied otherwise by the tetraploids (cf. Šmarda & Bureš 2006) . This situation is interpreted as the sympatric ocurrence of two separate taxa, the diploid F. pallens and the tetraploidF. csikhegyensis.
Triploid and tetraploid plants were also rarely found in a large diploid population on serpentine and granulite rocks in the Mohelenská hadcová step Nature Reserve (southwestern Moravia, Jihlava River valley; Fig. 4) . The plants reported here were found growing together in small group in the contact zone of the diploid F. pallens with the abundant tetraploid F. pseudodalmatica. The triploids and tetraploids are very similar and resemble F. pallens in their general appearance and in the cross sections of tiller leaves. Like the hybrids of F. pallens and F. ovina discussed above, they have scabrid leaves and erect panicles before the anthesis, in which they clearly differ from the diploid F. pallens occurring frequently in this site. Both the triploids and the tetraploids are considered hybrids of F. pallens with the sympatric F. pseudodalmatica. Common hybridisation on the contact of both species was documented from Slovakia, and the hybrid was described as F. ×krizoviensis Májovský (Májovský 1955 ). This name is used here also for the populations from Mohelno.
A small population of triploid and tetraploid fescues, representing very probably putative hybrids of the co-occurring diploid F. vaginata and the hexaploid F. rupicola, was found on sand dunes near Čenkov (southern Slovakia, Fig. 1 ). The earliest and the only correct name for this hybrid combination is F. ×interjecta Vetter. Festuca ×javorkae Májovský (1962) , a later name for the same parental combination, based on the plants collected in the surrounding of Čenkov, was published invalidly (Art. 37.1, 52.1 of the Nomenclatural Code; McNeill et al. 2006) . Also another later name, F. majovskyi Holub, published validely by the reference to Májovský's description of F. ×javorkae (Májovský 1962) , with a type designated by Holub (1983) from the large collection of fescues from Čenkov surrounding by Májovský in 1963 (SLO!) , cannot be used as the selected holotype and three isotypes are referable to F. rupicola and not to the hybrids, only rarely present in this collection. List of taxa and localities of investigated living plants and herbarium specimens. Observed DNA ploidy levels are given in parentheses behind the taxon name. The place name before the colon in the locality descriptions represents the nearest town or village. Collector name(s), the date of collection and plant cultivation numbers are given in parentheses following the locality description. The letter "F" indicates cultivated plants, "H" samples in which only herbarium specimen was available. Herbarium specimens borrowed from the Herbarium of the Institute of Botany, Slovak Academy of Sciences in Bratislava are marked by "SAV". • 17 18 N, 11
• 49 54 E (G. Degtjareva, 15 May 2001; H366). -SachsenAnhalt, Mücheln: porphyry rock S of the town, 90 m a.s.l., 51
• 16 07 N, 11
• 50 03 E (D. Korneck, 17 May 1994; H357). -Sachsen-Anhalt, Rothenburg: E side of Saale river about 2 km S of the village, Carbonian sandstone cliff with Stipa capillata, Carex humilis, Botriochloa ischaemum, Erysimum crepedifolium, Seseli hippomarathrum etc., 100 m a.s.l., 51
• 37 37 N, 11 
